Gravitation

( Fastracl« Revision )

» Gravitational Farce: It Is the force of attraction between

any two objects In the universe.

Gravity: It Is the force with which the Earth pulls the
objects towards Its cantre.

Unlversal Law of Gravitatlon: This law was glven by Isaac
Newton and states that, 'the force of attraction between
any two objects in the universe Is directly proportional to
the product of their masses and inversely proportional to
the square of distance between them'

GMm
Gravitational force, F = ———

#
Here, G = 6.673 x 10°"" N-m? kg™ is the universal

gravitatlon constant.
The directlon of the force Is along the line Joining the
centres of two object.
Importance of the Universal Law of Gravitation
The universal law of gravitation successfully explained
several phenomena which are as follows:

» the Force that binds us to Earth,

» the motlon of the Moon around the Earth,
» the motlion of planets around the Sun, and
» the tides due to the Moon and the Sun.

nowledge BOOSTER

| The strength of gravitational attraction between two

"R\ objects depends on how big the objects are and how
71 far aport they are,

» Centripetal Force: It Is the farce that keeps a body

moving along the clreular path, to act towards the centre
and Is responslible for the change In direction of veloclty
or acceleration, e.g., motlon of Moon around the Earth.
Free Fall: It Is the motlon of objects that fall towards the
Earth under the Earth's gravitational Force alone.

» Acceleratlon Due to Gravity (g): It Is the acceleration

due to the Earth's gravitational pull when an object Falls
towards the Earth. It does not depend on the mass of a
fFalling objact but on the mass of the Earth or celestial
bodles.

- GM
=

where M =« mass of Earth, R « radlus of Earth

and g=9.8m g

nowledge BOOSTER

The value of g decreases as the distance of an object
from the centre of the celestial body increases and this

i’ value fs less at equator than at poles.

>
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>

Motion of Objects under the Influence of Gravitational
Force

General Equations:of Equations of motion
motion for a
equations of 2 for a body thrown
motlon freely falling vertically upward
body yip
Ve U+ at V=U+ gt Ve Uu=gt
Sw Ul ]ntz h=ut ] N |h=ut . t2
3 03 ] o = e — = ——
2 T 21
VZ=u?+205 |v2=ul+2gh |v2=ul-2gh

Mass: It is the total quantity of material contained in an
object. Its Sl unlt Is Kilogram (kg) and Is a scalar quantity.
The mass of an object Is constant and does not change
from place to place.

nowledge BGOSTER

Spring balance s used to measure the welght of an
G object and pan balance Is used to measure the mass
/1~ of an object.
Welght: It is the force with which an object Is attracted
towards the Earth. It I8 the product of mass and
acceleration due to gravity. Its Sl unlt is Newton (N) and
Is a vector quantlty. Welght of an object depends on Its
location and may have different values at different places.
Waelght of on Object on the Moon: It |$ ane-sixth of Its
welght on the Earth.
Thrust: It Is the Force acting on an object In perpendicular
direction to Its surface, Its Sl unlt Is Newtan (N) and s a
vectar quantity.

Prossure: It Is the force ncting on the unlt area of surface
in perpendicular directlion. Its Sl unit is Newton per metre
square (Nm~2) and Is a scalar quantity. The SI unlt of
pressure Is also called Pascal (Pa).

Thrust F

A

Pressure =

Prassure In Flulds: Flulds exert pressure on the base and
walls of the contalner In which they are enclosed and the
pressure exerted on Flulds Is transmitted equally In all
dlrectlons.
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Buoyancy: It is the tendency of a liquid to exert an upward
force on an object immersed In it

Buoyant Force: It is the upward force which acts on an
object when it Is immersed in a liquid. It Is also called
upthrust.

Factors Affecting Buoyant Force: The magnitude of
buoyant force depends on density of the Fluid and the
volume of object Immersed In the liquld.

nowledge BGOSTER

It is the buoyant force due to which heavy object
seems o be lighter in water. This reduced welght of an
1~ object in liquid Is called apparent weight.

> Floating or Sinking of Objects: The conditions are:

> IFthe buoyant force or upthrust exerted by the liquid
is less than the weight of the object, the object will
sink In the liquid.

» If the buoyant force Is equal to the welght of the
object, the object will float In the liquid.

> If the buoyant farce is more than the weight of the
object, the object will rise in the liquld and then it
will float.

» Archimedes' Principle: ‘When an object is Fully or
partially immersed In a fluid, it experiences a buoyant
force or upthrust which Is equal to the welght of liquid
displaced by the object’.

Upthrust acting on an object = Welght of liquid displaced
by an object

nowledge BOOSTER ]

. Density is used to determine the purity of a substance
and decreases with the Increase in temperature.

N

Applications of Archimedes' Principle: It is used in:
» desligning ships and submarines.
> lactometers (used to determine the purity of a
sample of milk).
> hydrometers (used for determining denslty of
liquids).
» Deonslty: It Is the mass per unit volume of a substance. Its
Sl unit Is kilogram per metre cube (kg m=3) and Is a scalar

quantity,

& Practice Exercise

MII"II[I'B Cholce Questions N}

Q1. Which of the following case do not take place due
to gravitational force?

a. Earth revolution around Sun
b. Magnet attracting Iron nalls
. Apple falling from a tree

d. All are due to gravity

(&

Q 2. What Is the unit of universal gravitational constant?

a. Newton (metre)? (kllogram)—

b. Newton (metre)-? (kilogram)-'

(
c. Newton (metre)? (kllogram)?
d. Newton (metre)? (kilogram)-!
Q3. The force of attraction between two unit point

masses scparated by a unit distance is called:
(NCERY EXEMPLAR)

a. gravltationol potentlal

b. acceleration due to gravity

c. gravitational Aeld

d. unlversal gravitational constant

Q4. Law of gravitation gives the gravitational force

between: (NCERY EXEMPLAR)
a. the Enorth ond a polnt moss only

b. the Earth and Sun anly

c. any bwo bodles having some mass

d. two charged bodles only

Q5. The value of quantity G in the law of gravitation:
(NCERT EXEMPLAR)

a. depends on mass af Earth only

b. depends on radlus of Earth only

¢. depends on bath mags and radlus of Earth

d. is independent of mass and radlus of the Earth

Q 6. Find the gravitational force botween two spheres of
mass m and m/2 having radius x and In contact with

each other:
Gm? Gm?
a. > b. >
2x° X
2 2
e Gm 4 Gm
4x° 8x?

Q7. The gravitational force between two objects is F. If
masses of both objects are halved without changing
distance between them, then the gravitational force

would become: (NCERT EXEMPLAR)
a. F/4 b. F/2
& F 2 E

Q8. A boy is whirling a stone tied with a string In an
horizontal circular path. If the string breaks, the
stona: (NCERY EXEMPLAR)

a. will continue to move In the clrcular path

b. will move along a stralght Une towards the
centre of the clrcular path

c¢. will move along a stralght line tangentlal to the
clrcular path

d. will move along a stralght Une perpendicular to
the clrcular path away from the boy
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Q9.

Qlo.

QlL

Ql2.

Qls.

Q 4.

Which of the following graph represents the
motion of a ball when thrown upwards?

Velocity
Vaeloclty

Time Time
(i) (i)

2
%‘ G
B i 3 N
g >
Time Time
(iii) (iv)
a. (I) b. (ll)
c. (li) d. (lv)

Two objects of different masses falling freely near
the surface of Moon would: (NCERT EXEMPLAR)

a. have some velocltles at any Instant

b. have different accelerations

¢. experlence forces of same magnitude

d. undergo a change In thelr Inertla
The value of acceleration due to gravity:

(NCERT EXEMPLAR)

a. Is same on equator and poles

b. Is least an poles

c. Isleast on equator

d. increases from pole to equator
What is the value of universal gravitational constant
on Moon if its value is G on Earth?

2. G b. G/6

¢ G/3 d. G/2
Why Is the welght of an object less on the Moon
than on Earth?

a. Density of Moon s less than density of Earth

b. Moon Is a satellte of Earth
¢. Moon Is far from Earth
d

. Moon's gravitational force Is less thon that of
Enrth

The weight of an object at the centre of the Earth of
radlus R Is: (NCERT EXEMPLAR)
a. zero

b. Infinite

€. Rtimes the welght at the surface of the Earth

d. 1/R? times the welght at surface of the Earth

Q 15.

Q16.

QI

Q18.

Q19.

Q 20.

Q2L

Q22

Q2a.

The weight of a body is 120 N on the Earth. If it
is taken to the Moon, its welght and mass will be
about

3. 120 N, 120 kg b. 6O N, 12 kg

¢ 20N.12kg d. 720 N. 120 kg
The Sl unit of thrust is same as that of:
b. Force x Area
d. None of these

a. Force/Area
c. Force
With increase In surface area, pressure:
increases
decreases
remains unchanged

an oo

becomes zero

A girl stands on a box having 60 cm length, 40 cm
breadth and 20 cm width in three ways. In which of
the following cases, pressure exerted by the brick
will be: (NCERT EXEMPLAR)
a. maxlmum when length and breadth form the
base
b. maximum when breadth and width form the
base
¢. maximum when width and length form the base
d. the same in all the above three cases
The buoyancy depends on:
a. mags of lUquld displaced
b. viscoslity of the liquld
¢. pressure of the liquid displaced
d. depth of Immersion

An object is put one by one in three liquids having

1
different densities. The object floats with ry
2 3
1 and 7 parts of theilr volumes outside the
liquid surface in liquids of densities d,, d, and d;
respectively, Which of the following statement Is

correct? (NCERT EXEMPLAN)
a. d,bo‘z‘;-d3 b. d,>d,<d,
¢ di<dy,>d d. d<d,<d

The density of a metal block is 2.7 x 10% kg/m?. It is
immersed in water. State the situation.
a. metal will sink
b. metal will float
¢. metal will immersed partially
d. None of the above
Archimedes' principle states that the buoyant force
applied to an object:
a. s greater than the welght of the fluld displaced
by It
b. Is equal to the welght of the fluld displaced by It.
¢. I8 less than the welght of the fluld displaced by ft.
d. Is zero.

An object weight 10 N in air. When immaersed fully In
water, it welghts only B N. The weight of the liquid
displaced by the object will be:

b e e e e e e e e e e e e e e e e e e —— — — — —
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a. 2N b. 8N
c 10N d. 12N
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'/ Assertion & Reason Type Questions \

Directions (Q. Nos. 24-32): Each of the following questions
consists of two statements, one is Assertion (A) and the other is

Reason (R). Select the correct answer to these questions from the Q 28. Assertion (A): The universal gravipational constant s
codes (a), (b), (c) and (d) as given below: same as acceleration due to gravity.
a, Both Assertion (A) and Reason (R) are true and Reason (R):.Gravit,ational constant anq acceleration
Reason (R) is the carrect explanation of Assertion due to gravity do not have same S| unit.
(A). Q29. Assertion (A): Pins and nails are made to have
b. Both Assertion (A) and Reason (R) are true but pointed ends in order to have a minimum area of
Reason (R) Is not the correct explanation of contact between the pointed ends and the glven
Assertlon (A). surface.
;- iizg:::g: %i; :2 E;Llfehhujtglsgsggn(?F%)llggfﬁrlig Reason (R): Minimal area of contact means that the
Q4. Aésertlon (A): When the distance between the two pressu.re eepilecon .the su.rhc.e b)f HHIE: I 15 gFea 1
bodies Is dou'bled and also the mass of each body is Q30. Assertion (A): An atyect will sink N w'ater SR
also doubled, the gravitational force between them downward force acting on that OtI]JE‘Ct is greater than
I — siame. the upthrust of water on thlat ol?ject:
Reason (R): Accarding to Newtan's law of gravitation, Reagson (R): .An whject Wil S'H.k o SRR
farce is directly proportional to the mass of bodies th.hrhUSthfhwater‘ GILHTEE obiectls gregter ot the
and inversely propartional to the square of distance velght orthat DbJECt', = i
R AT, Q 31. Assertion (A?: {\n object ﬂgats .'f it displaces an
Q 25. Assertion (A): The Earth is acted upon by gravitation amount of liquid whose weight is greater than the
of the Sun, even though it does not fall into the Sun. actual weight of the object. ‘
Reason (R): The gravitational pull of the Sun on Reason (R): l?unng flotation an object experiences
the earth provides the required centripetal force on no net force in the downward direction.
earth due to which it revolves around the Sun. Q 32. Assertion (A): Archimedes’ principle gives a
Q 26. Assertion (A): The value of acceleration due to relationship between buoyant force exerted by a
gravity does not depend upon mass of the body on liquid on an object and the welght of liquid displaced
which force is applied. by it.
Reason (R): Acceleration due to gravity Is a constant Reason (R): Hydrometers and lactometers are based
quantity. on Archimedes' principle.
Answers ]
1. (b) Magnet attracting iron nails 8. (c) will move along a stralght Une tangential to the
2. (a) Newton (metre)? (kllogram)=2 clreular path
We know that, 9. (a)
Fd?
Unlversal gravitational constant, G = ‘5
Mxm 2
; £
(e oy
Slunitof Gm igs
3. (d) universal gravitational constant Timo
4. (c) any two bodies having some mass 0]
5. (d) is independent of mass and radius of the Earth
G is the constant of proportionality and Is When a ball Is thrown vertically upwards with
Independent of mass and rodlus of the Earth veloclty 'u' and Its veloclty 'v' after time 't Is:
6. (o) Gm? Vo U—gt
2x2 It Is a stralght line graph with negative slope.
We know that. Hence, optlon (a) Is corroct.
als M x2m 10. (a) have same veloclties at any Instant
mo:( . In free fall. veloclty depends only on the
= G acceleration produced by gravity. The acceleration
F=G v due to gravity Is independent of mass of the body.
7. (a) Fl4 X Hence, same acceleratlon due to gravity of Moon
KIS Is applled on both ab|ects. Sa, they will have same
Fe 7 velocities at any instant irrespective of their
M % m maosses. The two will not experience the same
> 3 GMxm F force as force Is dependent on mass and mass of
F=G 7 "= body I8 different here.

Q 27. Assertion (A): A body becomes weightless at the

centre of Earth.

Reason (R): As the distance from centre of Earth
decreases, acceleration due to gravity increases.

b e e e e e e e e e e e e e e e e e e —— — — — —
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() Is least on equator

We know/ that. g = —%g-—
Slnce. R Is maximum at equator. value of
acceleration due to gravity is least on equator.
(a) 6
The value of universal gravitational constant (G)
remalns constant everywhere In the universe.
(d) Moon's gravitational force Is less than that of
Earth
(a) Zero

Womg emx0w0
(c) 20N.12 kg

1
Weight of object on Moon = z
x Weight of object on earth

= ~ x120=20N
We know that, w, = Meg 6
=5 120=mx10
= m=12 kg
Mass of oblect on Earth = Mass of object on Moan
=12 kg

(c) Force

(b) decreases
Pressure Is Inversely proportional to area.

(b) maximum when breadth and wlidth form the
base
Pressure Is maximum when area of base Is
minimum. Area of base Is minlmum when
breadth and width form the base.

(a) mass of liquid displaced

(d) d, < d, < d,
When an object floats In Uquld, a buoyant force
acts on it. which is equal to the welght of liquid
dlyplaced by that abject. As mare part of abject’s
volume floats outslde the lquld, more Is the
buoyant force and higher Is the denslty of liquld.

N 1 2 3
9 - 1 < 7
(a) metal will sink

Glven, denslty of metal = 2.7 x 10% kg/m?
Density of water « 1000 kg/m?
Density of metal > Density of water
So, metal will sink.
(b) Is equal to the weight of the fluld displaced by It
(a) 2N
Welght of liquid displaced by object = Logs In
welght of the object = ION-B8 N= 2 N
(a) Both Assertion (A) and Reason (R) are true
and Reason (R) Is the carrect explanation of
Assertlon (A).
(a) Both Assertion (A) and Reason (R) are true
and Reason (R) Is the correct explanation of
Assertlon (A).

26.

27.

2B.

29.

30.

3.

(c) Assertlon (A) Is true but Reason (R) Is false.

Reason (R) is false because acceleration due to

gravity changes with respect to helght above the

Earth surface, depth below the Earth surface or

due to shape of Earth (g Is greater at poles than at

equator).

(c) Assertion (A) is true but Reasan (R) Is false.

Reason (R) Is false because. as distance from centre

of Earth decreases, the acceleration due to gravity

also decreases.

(d) Assertion is false because universal gravitational
constant (G) and acceleration due to gravity (g)
are different.

Gls ascalar quantity whereas gls a vector quantity.
Sl unit of Gis Nm? Kg~2 and Sl unit of gis m 52,

(a) Both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of
Assertlon (A).

(c) Assertion (A) is true but Reasan (R) Is false.

Reason (R) Is false because an object w/ll sink In

water when upthrust of water on that oblect is less

than the weight of that object

(b) Both Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Asgertlon (A).

32. (b) Both Assertion (A) and Reason (R) are true but

_’

Reason (R) Is not the correct explanation of
Assertion (A).

Case Study Based qQuestions §

Case Study 1

Universal law of gravitation states that every object
in the universe attracts every other object with a
force which is directly proportional to the product
of their masses and inversely proportional to the
gquare of the distance between them. The direction
of force is along the line joining the centres of the
two bodies. The law is universal in the sense that
it is applicable to all bodies, whether the bodies
are big or small, whether they are celestial or
terrestrial.

Read the given passage carefully and give the
answer of the following questions:

Q1. The universal law of gravitation was postulated

by:
a. Copernlcus b. Newton
c. Gallleo d. Archimedes
Q 2. Which of the following Is true for the universal
law of gravitation?

(1) It acts on all the objects Irrespective of their
nature, shape and slze
() FcMxm
(iii) It acts along the line Joining the centres of
the two objects.
(iv) Foc 1/d?
a. (i) and (ill)
c. (). (i) and (Iv)

b. (i) and (iv)
d. All of these

b e e e e e e e e e e e e e e e e e e —— — — — —
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Q 3. The mass of a body Is increased 4 fold and mass
of other body Is Increased 16 fold. How should
the distance between them be changed to keep
the same gravitational force between them?

1 1
a. 4 times b. = times c Btimes d. E times
)

Q 4. Which of the following is not true for universal

Law of gravitation?

a. It is the gravitational force between the Sun
and the Earth, which makes the Earth move
around the Sun.

b. The tides formed in sea are because of
gravitational pull exerted by the Sun and the
Maan on the surface of water.

c. It is the gravitational pull of the Earth which
keeps us and other bodles firmly on the
ground.

d. The gravitational force exerted by 5Sun
on Earth is larger than that exerted by Earth
on Sun.

Q5. The force of gravitation between two bodies of

mass 1 kg each kept at a distance of 1 m is:

a. 667N b. 6.67 x 109N
c. 667 x 107 N d. 6.67x 10 "N
. Answers °

1. (b) Newton

2. (d) All of these
We know that,

Mxm _

F =

]
le.Fo Mx mand .F-‘:c-g(-r2
It acts along the line Jolning the centres of those
objects and it Is sald to be universal because it Is
applicable to all objects.

3. (c) 8 times
d? d~
d2«64d?2 or d'«8d

4, (d) The gravitational force exerted by Sun on Earth s
larger than that exerted by Earth an Sun.

5. (d) 6.62x10-"N
Gm, m
Force. F -—j_';,—z-

Given, myw my « 1kg, re1m
FoGuw 66? X ]D_“ N

Case Study 2

The uniform acceleration produced in o freely
falling body duc to the gravitationul force of the
Earth is known s acceleration due to gravity and it
is denoted by the letter g. The value of acceleration
due to gravity of the Earth, g = 9.8 ms~2. The value
of acceleration due (o gravity, g, is not constant at
all the places on the surface of the Earth.

Read the given passage carefully and give the
answer of the following questions:

QL Acceleration due to gravity of a body during
free fall does not depend upon the:
a. mass of Earth
b. mass of falling body
C. universal gravitational constant
d. radlus of Earth
Q 2. When a body is thrown up, the force of gravity is:
a. in the upward direction
b. In the downward direction
C. zero
d. in the horizontal direction

Q3. A particle Is taken to a helght R above the
Earth's surface, where, R is the radius of the
Earth. The acceleration due to gravity there is:

a. 245 m/s? b. 4.9 m/s?
c. 9.8 m/s? d. 19.6 m/s?

Q4. Anparticle Is dropped from a tower 180 m high.

How long does it take to reach the ground?
(Take g = 10 m/s?))

a.bs b. 4255

c. 18s d 9s

Q6. A ball is thrown up with a speed of 15 m/s.

How high will it go before it begins to fall?
(Take g = 9.8 m/s?)

a.196m b. 43 m

c. 20m d N4am
Fhacaiciass | o
Answers | 5

. (b) mags of falling body
We know that.

M
QuGe= i where G « unlversal gravitation
constant. M= mass of the Earth and R « radlus

of the Earth.
S0, gdoes not depend an the mass of the falling
bady.

. (b) In the downward direction

The acceleration due to gravity Is always diracted
downwards towards the centre of the Earth for a
freely falling body.

. (a) 245 m/s?
M
It Is known that g« %-é- © 9.8 m/s?

When distance from centre of Earth w 2R,

.._GM.L(_G@.)
TR % \ "R

]
=g 9.8 = 2.45 m/s?

(a)6s
Here. u=0.hw1B0m,. gol0m/ss tw?
From, heut+0.5gt?
180 = 0 + 0.5 (10)t2
tdw36
ar, (wbs

b e e e e e e e e e e e e e e e e e e —— — — — —
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5. (d)14m

u=15m/s, v=0 (The ball stops).
g=-9.8 m/fs? h=?
From. v2=u?+2gh
(0)2=(15)2+2x(-9.8) xh
196 hw 225
ar h=1.4m

Here,

Case Study 3

L ]

Pallavi Mam was demonstrating an experiment in
his class with the setup as shown in the figure below.

She took an eraser, sharpener, steel spoon, plastic
ruler, pencil, compass and
rubber band and asked the
students to place them on
the surface of the water.
Students observed that a
few objects float on the
surface of water while a
few sink in water.
Read the given passage carefully and give the
answer of the following questions:
QL An object floats in a liquid if the buoyant

force is:

a. zero

b. greater than its welght

c. less than Its welght

d. equal to its welght
Q2. An object sinks In a liquid if the buoyant

force is:

a. zera

b. greater than Its welght

c. leys than its welght

d. equal to Its welght

Q 8. The buoyant force on an object immersed In a
liquid acts:
a. in the vertically upward direction
b. In the vertically downward direction
¢. at an angle of 90° to the direction In which
welght of the object acts
d. at an angle of 45° to the direction In which
welght of the abject acts
Q 4. The magnitude of buoyant force depends on the:
a. denslty of Uquld b. volume of liquld

¢. welght of the object d. viscoslty of liquid

Q 5. Magnitude of buoyant force Is given by:
a. Newton's firstlaw  b. Archimedes' principle
¢. Newton's second law d. None of these

1
2.
3

@

| Answers |

. (b) greater than its weight
(c) less than Its welght
. (0) In the vertically upward direction

The buoyant force on an abject Immersed In a
liquid always acts vertically upwards, that Is. In a
direction opposite to the welght of the object,

4, (a) density of Uquid
8. (b) Archimedes' principle

Archimedes' principle states that ‘when a
body Is Immersed fully ar partially In a fluld, It
experiences an upward force (buoyant force) that
fs equal to the welght of the fluld displaced by It

Case Study 4

What do aching feet, a falling apple and the orbit
of the Moon have in common? Each is caused by
the gravitational force. An apple falls from a tree
because of the same force acting a few metres
above Earth's surface. And the Moon orbits Earth
because gravity is able to supply the necessary
centripetal force at a distance of hundreds of
millions of metres. Sir Isaac Newton was the first
scientist to precisely define the gravitational force,
and to show that is could explain both falling
bodies and astronomical motions.

The gravitational force is always attractive and
it depends only on the masseg involved and the
distance between them (Newton's universal law of
gravitation).

Read the given passage carefully and give the
answer of the following questions:

Q 1. What [s gravitational force?

Q 2. Briefly explain why Newton pondered over the
existence of gravitation?

Q 3. Define the universal gravitational constant.

Q4. State the value of G. Who obtalned it for the
first time?

Q5. 'Several phenomena of celestial bodies were
believed to be unconnected but universal law
of gravitation was successful to explain them.
Mention any two phenomena.

Answers .

. All abjects (with mass) In the universe attract each

other. This force of attraction between abjects is
called the gravitational farce.

. ItIs sald an apple fell on Newton's head vhen he was

sitting under a tree. He thought if Earth attracts an
apple, can It also attract the Moan? Is the force same
in both cases? This led to the study on gravitation.

. The universal gravitational constant Is numerically

equal to the force of attraction between two unlt
masses when they are separated by a unit distance
as measured from thelr centres.

. The accepted value of G Is 6.673 x 10-" N-m2 kg-2.

The velue of G was found out by Henry Cavendish by
using a senslitive balance.

. Two phenomena explalned by unlvarsal law of

gravitation are:
() the farce that binds us to the Earth. and
(I} the motlon of the Moon around the Earth.

Case Study 5

The weight of a body is the force with which it
is attracted towards the centre of the Earth. In
other words, the force of Earth's gravity acting
on a body is known as its weight. Weight is a
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vector quantity having magnitude as well as

direction. The weight of a body is given by

W = m x g (where m = mass of the body and

g = acceleration due to gravity), and since the value

of g changes from place to place, therefore, the

weight of a body also changes from place to place.

Read the given passage carefully and give the

answer of the following questions:

QL Define weight.

Q2. Is value of 'g' same at all places on the Earth?
Give reason for your answer.

Q 3. What is the mass of an object whose welght is
49 N on the Earth?

Q4. If a planet existed whose mass was twice that
of Earth and whose radius 3 times greater, how
much will a 1 kg mass weigh on the planet?

Q5. In spaceship moving in space, why does a
person experience weightlessness?

P T— .
| Answers | *

. The weight of a body is the force with which It Is

attracted towards the centre of the Earth.

. The value of acceleration due to gravity, g Is not

constant at all the places on the surface of the
Earth. This Is due to the flattening of the Earth at
the poles, all the places on its surface are not at the
same distance from its centre and so the value of
g varles with latitude.

. Here, Wed49 N me?

w 49
As, Wemg me= —= —=5
> g = SE g
. Here. M, =2 M,and R, =3 R,
ma1kg W,=?
GMy G
As. g,e Y, andgp:-—gp——

9o My i Ré My [Rq)

K] 2
or  g,°9.B8x2x |\-3-} w 217 m/s2

W,emg, = 1x 217 =217 N

. Aperson experlences welghtlessness as In spaceshlp

moving In space, the acceleration due to gravity Is
zero.

Wemg
In space, g=0

W0

Case Study 6

Pressure is defined as the physical force exerted on
an object. The force applied is perpendicular to the
surface of objects per unit area. The basic formula
for calculating pressure is: Pressure « Force/Area.

The SI unit of measuring force is Newton (N), and
the SI unit of measuring area 18 ‘square metre’
(m?), therefore, the SI unit of measuring pressure
is ‘Newton per square metre’ (N/m? or N-m)
which is also called Pascal (Pa).

Read the given passage carefully and give the

answer of the following questions:

Q L State and define the Sl unit of pressure.

Q 2. In which situation we exert more pressure on
ground, when we stand on one foot or on the
both feet? Justify your answer.

Q 3. Which will exert more pressure: a 100 kg mass
on the area of 10 m? or a 50 kg mass on 4 m%?

Q4. When we stand on loose sand, our feet go deep
into the sand. But when we lie down on the
sand our body does not go that deep into the
sand. But when we lie down on the sand our
body does not go that deep in the sand. Why?

Q5. Why are railway tracks laild on large size
concrete sleepers?

1l R
| Answers | ®

. Sl unit of pressure is N/m? or Pascal (Pa).

When a force of 1 N acts normally on an area of
1 m? then pressure acting on the surface Is called
1Pascal

2. The surface area of one foot Is less than two feet.

Therefore. we exert more pressure on the ground
when we stand on one foot as pressure Is Inversely
proportionsl to area of contact.

Force mxg 100x10

= = = =100 P
' Area  (Area), 10 .
Force Mxg 50 %10
o 5] o ur ]25 pa
2 Area  (Area), 4

50 kg magss on 4 m2 exerts more pressure.

. Whan we stand, we apply mare pressure than when

we are lying due to less area of contact as

Pressure o

Area

. Cancrete sleepers are lald on rallway tracks so that

the weight of passing train Is spread over a large
area of ground. This reduces the pressure acting
on the ground and the track may not sink Into the
ground.

"’ Very Short Answer Type Questions N

Q1. Which force Is responsible for the motion of Moon

around the Earth? What would happen if there was
no such force?

Ans. The motlon of Moon around the Earth Is due to the

centripetal force provided by the farce of attraction
of Earth. If there was no such force, the Moon would
pursue a unlform stralght Une motlon.
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Q2. If gravitational force acts between all objects, why
don't the two objects in a room move towards each
other?

Ans. The two objects in a room do not move towards
each other because of their small masses, the
gravitational force of attraction between them is
very, very weak,

Q 3. State the universal law of gravitation. (NCERT INTEXT)
Ans. The universal law of gravitation states that the force
of attraction between any two objects is directly
proportional to the product of their masses and
inversely proportional to the square of the distance
between them,
Q4. Write the formula for magnitude of gravitational
force between the Earth and an object on the
surface of the Earth. (NCERT INTEXT)

Ans. The formula for magnitude of gravitational force

between the Earth and an object on the surface of
the Earth is given by F=G= ﬂg—T
M = mass of Earth
im = mass of an object
G = gravitational constant
= 6.67 x 107" N-m? /kg?
and R = distance between centres of the Earth and
an object.
05. What do you mean by free fall? (NCERT INTEXT)
Ans. The falling of a body or abject fram a height towards
the Earth under the gravitational force of the Earth
alone is called free fall
Q6. What do we call gravitational force between the
Earth and an object. (NCERT EXERCISE)
Ans. The gravitational force between the Earth and an
object is called force of gravity or gravity.
Q7. What do you mean by acceleration due to gravity.
{NCERT INTEXT)

where,

Or

What is the acceleration of free fall? (NCERT EXERCISE)

Ans. During free fall, an object accelerates due to
the Earth's gravitational force acting on it. This
acceleration is called the acceleration due to gravity,
The value of acceleration due to gravity of Earth, gis
9.8 m/s?

0 8. State the 5l unit of (i) G, (ii) g.

Ans. (i) Slunit of Gis N-m? kg2,

(i) 51 unit of gis m s~

09 What is the difference between gravity and

gravitation?

Ans. Gravitation s the attractive force between any
two objects in the universe whereas gravity is the
gravitational force that occurs between the Earth
and other objects,

0 10. Gravitational force acts on all objects in proportion
to their masses. Why, then a heavy object does not
fall faster than a light object? (NCERT EXERCISE)

Ans. Acceleration due to gravity (g) is independent
of mass of the falling object and is equal for all
objects at a point. So, a heavy object falls with same
acceleration as light object,

Q1. When a body is thrown upwards, its velocity

becomes zero at the highest point. What will be its
acceleration at this point?

Ans. The acceleration at this point is equal to the value of

g in the downward direction.

Q12. Two objects of masses m, and m, are dropped in
vacuum from a height above the surface of Earth
(m, is greater than m,). Which one will reach the
ground first and why?

Ans. Both objects will reach the ground simultaneously

because acceleration due to gravity is independent
of mass of the falling objects.

0Q13. Astone is released from the top of a tower of height

19.6 m. Calculate its final velocity just before
touching the ground. (NCERT EXERCISE)
Sol. Given, height, h=19.6m
Initial velocity, u=0 [+ it starts from rest]
From the third equation of motion, v = u? + 2gh
vi=0+2x98x196=196x19.6
vZ=196x196=196 m/s
Final velocity of stone just before touching the
ground is 19.6 m/s.
0 14. What is the weight of an object at the centre of the
Earth?
Ans, Zero, because at the centre of the Earth, g=0,

0 15. How does the weight of a body vary from poles to
equator?

Ans. The weight of a body decreases from poles to
equator because the force of gravitation is more at
poles than at the equator,

0 16. What do you mean by buoyancy? {NCERT INTEXT)

Ans. The upward force exerted by a liquid on any object
immersed in it is known as buoyant force or upthrust,

017. Abucket of water weighs less inside the well water.
Why?

Ans. This is due to the upthrust that well water exerts on

the bottom of bucket in upward direction.

wledge BG-OSTER

Q) Upthrust pushes an object up and makes it seem to

v lose weight in a fluid.

Q 18. The cutting edge of a knife should be as sharp as
possible. Why?

Ans. A sharp knife has a very thin edge due to which the

force of our hand falls over a very small area of the
object producing a large pressure and this large

pressure cuts the object easily.

019. Why does a truck or a motor bus have much wider
tyres?

Ans. A truck or a motor bus have much wider tyres, so
that the pressure applied by the truck is much less
as a result of which it moves easily.

Q 20. Why does a block of plastic released under water,
come up to the surface of water?  (NCERT EXERCISE)

Ans. The upthrust or buoyant force acting on the block
of plastic by the water is greater than the weight of

the plastic block, So, plastic block comes up to the
surface of water,
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Q2L The volume of 50 g of a substance is 20 cm?. If the
density of water Is 1 g cm™3, will the substance float
or sink? (NCERT EXERCISE)

Ans. Given, mass of substance. m=50g
Volume of substance, V = 20 cm?3
.. Denslty of substance,

Mass 50
= == -25gcm™
Volume ~ 20 gcm
= 2500 kg cm~3

l.e.. the density of the substance Is greater than the
density of water, so it will sink in water.

p

Q22. A student listed applications of some principles as
follows:

Submarines, Lactometers, Hydrometers, Barometers

Identify the applications of Archimedes' principle
from the list.

Ans. Submarines, Lactometers and Hydrometers.

Q23. Name the Instrument which Is used to determine
the density of liquid.

Ans. The Instrument used to determine the denslty of
Uguld Is ‘hydrometer’.

‘@/ Short Answer Type-l Questions \)

Q1. What is the source of centripetal force that a
planet requires to revolve around the Sun? On
what factors does that force depend?

Gravitational force Is the source of centripetal force
requlred to revolve around the Sun.

Ans,

This farce depends on the masses of Sun and the
planet as well as the distance between them.
Q 2. Derive the formula for the gravitational force using
the factors on which it depends.
According to the unlversal law of gravitation, the
gravitational force (F) between two objects of
maosses M and m at o dlstance 'd' from ench othar

Ans.

|&:

(I) directly propaortional to the product of thelr

maaees, le. Fo Mxm (1)

() Inversely propartional to the square of distance
1

between them, Le., F « ) (2)

Combining eqs. (1) and (2). we get

Mx m Mx m
&= 3 = FmG 42
Where. G Is called tho universal gravitational
constant

Q3.

Sol.

Q4.

Ans.

Qs.

Ans,

Q6.

Sol.

Calculate the force of gravitation between the
Earth and the Sun given that the mass of the Earth
= 6 x 102* kg and of the Sun = 2 x 1030 kg. The
average distance between the two is 1.5 x 1011 m.

(NCERT EXERCISE)

The force of attractlon between the Earth and the
Sun Is given by
GMs Ma
Fome—

p

where. G = 6.67 x 101" N-mZ/kg?

Mass of the Sun, M, =2 x 1030 kg

Mass of the Earth.M, = 6 x 102 kg

Average between the Earth and the Sun = 15 % 10" m

£ 667 10-Wx:2:% 1030 x 6% 102
(1.5 x 10")2

Thus. the farce between Earth and Sun g 3.6 x 1022 N.

The gravitational force between two objects is
100 N. How should the distance between these
objects be changed so that the force between
them becomes 50 N?

Let distance between the two objects is R when

F =100 N.

=36 x 1022N

Fa -13 (universal law of gravitation)
Let distance becames R’ when F= 50 N.
100 (R')? R2 R
RBHD — T — 2:— — 2
B e g
- R'w\2R

Le, distance Is Increased Ji times.

What is the Importance of universal law of
gravitation? (NCERY EXERCISE)
The universal law of gravitation successfully
explained several phenomena glven as below:

() The force that binds us to the Earth.

(i) The mation af the Moon around the Earth.

(lif) The motlon of planets around the Sun.

(lv) The tides due to the Moon and the Sun.

What is the magnitude of the gravitational force
between the Earth and a 1 kg object on Its surface?
(Take, mass of the Earth is 6 x 102 kg and radius
of the Earth is 6.4 x 10%m.) (NCERY EXERCISE)

Gravitational force between the Earth and an object
GMm
I8 glven by F=
glven by —
where, G = gravitational constant
= 6.67 x 10" N-m?/kg?
M « mass of the Earth « 6 x 1024 kg
R w radius of the Earth = 6.4 » 10° m
and m = mass of an object = 1 kg

. 6.67 x 107" % 6 x 1024 x 1

(6.4 x 106)2
«977=98N
Thus, magnitude of gravitational force between the
Earth and 1 kg object Is 9.8 N.
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Q7. (i) What

Ans.

Q8.

Ans,

Q9.

Ans.

is meant by the statement that
acceleration due to gravity is 9.8 m 5727
(ii) Give reason for the following:
(a) Asheet of paper falls slower than when It Is
crumpled into a ball.
(b) A body weighs more at the poles than at
equator.
(I) It means that a freely falling body accelerates at
9.8 m/s? towards the centre of Earth. during the
course of Its fall towards the Earth.

(i) (a) The sheet of paper has larger surface area
when compared to a crumpled paper ball
and experiences greater air resistance during
free fall. So. it falls slowly.

(b) Value of 'g"is greater at poles as compared

]
to equator because rp < regand g o =5

Hence, the welght of a bady is more at the poles
than at the equator.
Amit buys few grams of gold at the poles as per
the instruction of one of his friends. He hands over
the same when he meets him at the equator. Will
the friend agree with the weight of gold bought?
If not, why?
[HInt: The value of g Is greater at the poles than at
equator.] (NCERT EXERCISE)
Let m be the mass of gold bought
.. Welght of gold at poles. W, = mg,
Welght of gold at equator, W, = mg,
.
Thus, the value of g Is greater at poles than at the
equator. Therefare, gold at equator welghs less than
that at poles, Le. w,> w,, Thus, Amit's friend will not
agree with the welght of the gold bought.
An object is dropped from a certain point to fall
freely under gravity. Write Its equations of motlon
in connections of:
() distance
acceleratlon.

We know that,

travelled, time taken and its

Q10.

A ball is thrown vertically upwards with a velocity

of 49 m/s. Calculate

(i) the maximum height to which it rises.

(If) the total time it takes to return to the surface
of the earth. (NCERT EXERCISE)

Sol. Given. initial velocity. u=49 m/s

() At maximum helght final velocity of the ball
becomes zero.

Final velocity, v=0
From the third equation of upward motion.

v u? -2 gh

0=(49)2-2x98xh
49)2

= (49) =1225m
2x98

Maximum helght attained = 122.5 m

(I) Let 't'be the time taken by the ball to reach the
helght 1225 m.

From the first equation of upward motlan,
Ve U= gt
or 0=49-9Bxt

g 49
98
For the motlon agalnst gravity, the time of
descent s same as the time of ascent. So
time taken by the ball to fall from maximum
helght Is 5 s.
. Total time taken by the ball to return to surface

of the Earth=5+5=10 s.

mbg

Q1. The mass of an object on the Earth's surface is

SolL

80 kg. Find its:
(I) weight on Earth

(i) mass and weight on Moon (g, = 9.8 m/s?;

g, =1.63 m/s?).
(I) Weight on Earth = m_ g, = B0 x 9.8 = 784 N
(i) Mass on Moon « mass on Earth «» 80 kg

(

1
Weight on Moon = lg) x Weight on Earth

= ﬁgi = 130.67 N

Q12. If the Moon attracts the Earth, then why doaes the
(1) final velocity, acceleration and distance moved. T
For o free falling object. Inltial veloclty (u) = 0 and Ans. The earth does not move towards the Moon In spite
acceleratlon (0) = +g. of the attraction by the Moon because the mass
() Distance travelled, s = uh—l gt of Earth Is much greater than mass of Moon and
2 according to second law of motlon, for a glven force.
- g i gt accelaration Is Invergely propartional to mags of the
2 oblect.
- o 1 g2 Q18. The weight of a body on the surface of the Earth
2 {s 392 N.What will be the weight of this body on a
() Final velocity. v w u?+ 2gh planet whose mass is double that of the Earth and
v2 a0 +2gh radius Is four tin::sitit:&t\t of th(ihEartt;?;z
elght on ear
e v2w 2gh 8ol. Mass of body « £ 5 ° 38
= v2a \ 2gh e
L A ) A A A A A ) A A A A A A A A A A A A A A A A J
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Q4.

Ans.

Q15.

Sol.

Q 16.

Sol.
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GM
g, ='g'onEarth= -—L-)'z = 9.8 m 52
€
M, = Mass of Earth,
R, = Radius of Earth.
Now. Mass of planet = 2M,. Radlus of planet = 4F,

GM G(2M,) (1 1 )
. R - LY [ =|=x98|a =2
B 2Ry [B]ga [8 9 J 1225 mss

Welght on planet = m x gy, = 40 x 1225 = 49

where.

In a hypothetical case, if the diameter of the
Earth becomes half of its present value and mass
becomes four times its present value, then how
would the weight of any object on surface of the
Earth be affected?

We know/ that, weight, W = mg
As mass is constant. W g

GM
QEF::Q.EI ms2 (1)
On modifying the values,
G(4M) _ GM i
g= -”R]z =16 = =16x98me? ..(2)
z

From eqs. (1) and (2). g becomes 16 times. Hence.
we conclude that the weight (W) of any oblect on
surface of the Earth becomes 16 times.

The welght of any person on the Moon Is about

1
E times that on the Earth. He can lift a mass of

15 kg on the Earth. What will be the maximum
mass which can be lifted by the same force applied
by the person on the Moon?

We know that. W, = -é- N -ﬁl g, wil 1)

Force required to lift mass m on Earth.
F,emxg,=15g,
Farce required to Uft mass m’on Moon,
Frn w AT X g 0 MG,
Fomf
15 gy = M'g,

m’ UJ]S[EL]LJ'ISHSNBGQ [ﬁ'ﬂm @q- (]]]

m

Hance. the maximum mass that can be Ufted ts 90 kg,

Find the ratlo of the pressure exerted by a block
of 400 N when placed on a table top along its two
different sides with dimensions 20 cm x 10 cm and
16 cm x 20 cm.
A=20cmx10cm
=02mx01me0.02m?
A,=16 cm x 20 cm
w016mx02me=0032m?
F 400

P = — = —— 20,000 Pa
" A T 002

p _ F_ 400
A, 0032

20.000
Required Ratio =
equire o= <200

P:P,=8:5

= 12,500 Pa

=l 8
5

Q 17. Why s it difficult to hold a school bag having a strap

Ans.

Q18.

Ang,

Q19.

Sol.

Q 20.

Ans. () Archimedes'

made of thin and strong string? (NCERT INTEXT)

It is difficult to hold a school bag having a strap made
of a thin and strong string because the area under
the strap Is small. Hence, large pressure Is exerted
by the strap on the shoulder of the child and it will
become very painful to carry the heavy school bag.

Why does an object float or sink when placed on
the surface of water? (NCERT INTEXT)

When an object Is placed on the surface of water,
two forces act on the ablect.

() The welght of the object. acting vertically
downwards.

() The upthrust of the water, acting vertically
upwards.

The ablect will Aloat on the surface of water. if the

upthrust s greater than the welght of the oblect.
The object will sink, if the welght of the object Is
more than the upthrust of the water.

The volume of a 500 g sealed packet is 350 cm?,
Will the packet float or sink in water if the density
of water is 1 g cm=3? What will be the mass of the
water displaced by this packet?

Glven, mass of packet =500 g

Volume of packet = 350 cm?

Masgs 500g
Darsity Gl psEleas. Do v 580 e
w 1.43 B Crﬂ—a

l.e. The density of packet is greater than density of
water, so It will sink In water.

Mass of water displaced by the packed
w Volume of packet » Density of water
w350 x 1
=350 g
(1) State Archimedes' principle.
(ii) Explain with reason: Do all bodles In a given
fluid experience the same buoyant force?
princlple states that
body Is immersed fully or partially in a fluld. It

when a

experiences an upward force that Is equal to the
welght of the fluld displaced by It.

() No. according to Archimedes' principle, bodles
with differant welght will displace diffgrent

welght of the fluld. Hence. the buoyant force on
different objects will be different.
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‘Q@I Short Answer Type-Il Questions N

Q L What happens to the force between two objects, if
(i) the mass of one object is doubled?
(ll) the distance between the objects Is doubled
and tripled?
(iii) the masses of both objects are doubled?
Ans. Force of attraction between tv/o objects s glven by
Fe Gmrim2 )
where. m, and m, = masses of the objects.
r=dlstance between the oblects
and G = gravitational constant.
(I) If mass of ane oblect Is doubled. then the new
force,
e G(2m) m, e Gm, m,
s —_—
Le. Force becomes double.

(il) If the distance between the objects Is doubled.
then the new farce.

= 2F

, Gm}mz ) Gm, m,
(2r)? 4
1 Gmym,
= - 2 fram eq. (1
T — (from eq. (1)
F

Le. Force becomes one-fourth.

If the distance between the objects Is tripled.
then new force,

o Gm, m, " Gm, m,
ERk 5
1 (Gmym F
- [_;2_2] .t (trom 6a.(2))

Le, Force becomes one-ninth.
() 1f mass of both objects are doubled. then new
farce.
G(2m)2m,

:_T_
r<

Gm,m
24 = 4F

Le., Force becomes four times.

(from eq. (1))

m ZI e

Q2. Suppose you and your friend have mass 50kg
each. Also, suppose that the distance between
your centres of gravity is 1 m. Calculate the force
of gravitation between you and your friend. Also
calculate the force of gravity acting on you. Take the
mass and radius of the Earth as 6 x 10?4 kg and
6.4 x 10° m respectively.

Sol. Glven, mass of each person, m,= m,« 50 kg

Distance between the centres of gravity, r« 1Tm

.. Farce of gravitation,

m,m 50 x 50
P L o SNy I 7y | D it
G 3 6.67 x 10°" « 02
w167 x 10N
Hence. the force of gravitation Is 1.67 x 10-"N.
mM
We know that. force of gravity = G #

Get More Learning Materials Here : &

Where M« mass of Earth « 6 x 1024 kg

and R=radlus of Earth=6.4 x 105 m
6.67 x 107" x 6 x 1024 x 50
(6.4 » 105)2

.*. Farce of gravity, F=

w489 N
Hence. the force of gravity Is 489 N.

Q 3. Compare the gravitational forces exerted by the Sun
and Moon on the Earth. Who exerts a greater force
and by how much?

Ans. We know that,

Mass of the Earth, M, =6 x 10*" kg
Mass of the Moon, M, = 7.3 x 102 kg
Mass of the Sun. M, = 2 x 100 kg
Distance between the Earth and the Moon,
R,=3.B4 x 108 m
Distance between the Earth and the Sun,
R, =15x10"m
Gravitatlonal force between the Earth and the Moan,

e
z

6x10%% x7.3x10%2

=6.67x107" x
(3.84x109)
w2x1040N
Similarly, gravitational force between the Earth and
the Sun.
MM,
Fz o G ”2 1
R
24 30
sBE7wig g 2210 "‘2:“0
(15x10")?
=36 x 102N
B. M =180
A 2x10%®
Hence. the Sun exerts 180 times greater force than
the Maan.

Q4. Write the differences between acceleration due to

gravity (g) and unlversal gravitational constant (G).

Ans, Difference betwean acceleration due to gravity and
unlversal gravitational constant Is as follows:

Basis of |Acceleration due|Universal Gravitational
Difference| to Gravity (g) Constant (G)
Definitlon |Acceleratlon Universal Gravitational
due to gravity [s |constant Is numerically
the accelaration |equal to the force of
acqulred by attraction between
a3 body due twa masses of 1kg
to the Earth's that are separated by o
grovitational distance of 1 m.
pull on It.

Naoture gls a vector G Is @ gcalor quontity.
quantity.
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Also. veu+ gt
. Final velocity of first ball. v, = 0 + (10) x 2

Effect on G is a universal

value

It is different at

different places |constant Le. its value

b o e e e e e e e e e

on the surface
of the Earth.
Its value also

is the same (le. 6.7
x 10-"N-m? kg?)
everywhere In the

varies from one |universe.
celestial body to

= 20 m/s
Thus. the second ball thrown after 1s with the initial
veloclity u, should cover a distance of 20 m In 15
Consldering the second ball we have

1 2
h=u,t +—=gt
2 Zg

anather 20= Uy x 1+ 2 %10 (1)2
Q5. A stone is thrown vertically upward with an initial = % S
velocity of 40 m/s. Taking g ~ 10 m/s?, find the (~ g=10ms=)

or uy=20-5=15ms

maximum height reached by the stone. What is the
net displacement and the total distance covered by

the stone? (NCERT EXERCISE)

Sol. Given. Initial velocity. u= 40 m/s

Flnal velocity becomes zero. Le. v=0
(at maximum helght)

From third equatlon of upward motion,

Hence, the Initial velocity with which the second ball

was thrown g 15 m ¢!,

Using. v=u+ gt

Final velocity of second ball v, =15+ (10 x 1)
=25m/s

Hence, bath the balls will not hit the surface of water

with the same velocity. i.e. the second ball hits the

surface of water with a greater velocity.

i L Q7. A ball is thrown upwards from the ground to a
()%= (40)*~2x10 x h tower with a speed of 20 m s=1, There is a window
0«1600~-20h in the tower at a height of 15 m from the ground.
1600 How many times and when will the ball pass the
= feg - =du m window? (Take g = 10 m s72)

=» Maximum height reached by the stane = B0 m.
After reaching the maximum helght. the stane will
fall towards the Earth and will reach the Earth's

swimming pool, which is at a helght of 20 m. A
second ball is thrown from the same board after
one second with initial velocity u. Both the balls hit
the surface of water together. What was the initial
velocity with which the second ball was thrown? Do
they hit the surface of water with the same velocity?
Explain your answer,

SoL Given, helght of the [umping board, h= 20 m

Get More Learning Materials Here : &

For first ball. Inltiol veloclty, u, = 0
g=10mg2

Time taken for the first ball to fall freely, ¢« ?

From the equatlon of motlon,

1 .2
hout+—=gt
| kzg

wOxt+ .algrz

2
2h 2x»20
{'i.: —_— = £|
or ,/g ==\

11125

SoL Given, initial velocity, u=20 m g~

Maximum helght the ball will reach, h=?
From the equation of motlan,

surface coverlng the same distance vie U+ 2gh
' 0w u?+2gh (. v=0 at maximum helght)
So, distance covered by the stone = B0 + B0 = 160 m. 2 7
Displacement of the stane = 0. sInce. the Initlal and ar h = _?__l - ﬂ"_m,)_{zo)
final position of the stone are same. g 3
Q6. A ball is dropped fram the jumping board of =490 - 20m

This means that ball will reach the helght of 20 m
and come back. So, It will pass the window twa times.

From the equation of motlon,

1
he ut—=gr?
29

18 = 20t - %(10):2

or 50-20t+15«0

or ’-4t+3=0

or (t=1)(t=-3)=0

twl, 3

So. the ball will pass the window at 1 second and
3 seconds respectively.

Q8. A stone is allowed to fall from the top of a tower

100 m high and at the same time, another stone Is
projected vertically upwards from the ground with
a velocity of 25 m/s. Calculate when and where the
two stones will meet. (NCERT EXERCISE)

Sol. Let the two stanes mect at point ‘A" after time "t"

Distance travelled by the stone dropped = s
.. Digtance travelled by the stone projected upwards
w (100 - 5) M

@ www.studentbro.in
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100 m A

—_— 1 —]

(100 - s)

=

Far stone dropped from top, u=0
For stane projected upwards. ¥ = 25 m/s
For the stone dropped from the tower.

1
mt_tl
smut+ =g

-0+ —(10)e
5= 5 —(1
For the stone projected upwards, ' = ut - %gr'2
(due to upward motion. negative sign Is taken)
(100 -5)= 25r—% x 102

= 100 - 5= 25¢t-5¢
From Eq. (1). we get
100 - 5t% w 25¢ 512

25t= 100
85 =45
So. the stones will meet after 4s.
gu 51 =5y (4)2
« BOm

Thus, the stones will meet at a helght of 20m
(100 m - 80 m) from the ground after 4 seconds.
Q9. A ball thrown up vertically returns to the thrower
after 6 s, find
(i) the velocity with which it was thrown up,
(1) the maximum helght if reach and
(iii) its position after 4 s. (NCERT EXERCISE)
Sol. Total time taken « 65

= Time taken to reach the maximum hetght = —g— =34
(-- time of ascent « time of descent)
(I) From the first equation of matlon, v« u— gt
(negative sign Is taken due to upward motion)
0= u-=10 x 3 [ at maximum helght. v« 0]
w> U= 30 m/s
(I From the third equation of motion
V2o u? = 2gh
(negotive sign s taken due to upward matlon)
0=(30)2-2x10xh
= hw s
2x10
w45 m
Maximum helght attalned by the ball Is 45 m.

() In Inltlal 3 s, the ball will rise, than In next 3 s It
falls towards the Earth.

». The position after 4 s
w Digtance cavered in 18 In the downward moton
In this case, Inltlal velocity « O

From the second equation of motion.

1
heut+ — gt?
o+ 5 g

1
m U 4 E— » '|D ¥ (]}2 = 5 m

Le. The ball will be at 5 m below fram the top of
the tower or the helight of ball from the ground
will be at 40 m (45 m -5 m).

Q10. A helicopter Is on a mission to drop food for some
people standing on a boat. It is at a height of 20 m
and moving with a steady horizontal velocity of
2 m s}, when it spots the nearest end of the boat
immediately below it. It then drops the packets. If
the length of the boat is 5 m, will the people in the
boat receive the packets?

SolL Given, initial velocity of packet while dropping, uw O
Helght of packet. h=20 m
Length of boat. x » 5 m
Let the packet takes 't'sec to fall on boat.

From the equation of motion. h = ut + %gt2
or 2Dm0xt+-2]-x10><t2

20x2
ar [l: 10 =4
or t=2gec

Now. velocity In horizontal direction,

va2 m s« Velocity of helicopter
Also, acceleration s zero In horlzontal direction.
Sa, horlzontal distance covered by packet In 2 sec,

Xwviw2x2e4m

Since. 4 m distance covered In dropping of packet Is
less than the length of boat. [e.. 5 m. 90 peaple In the
boat will receive the packets.

Q1L What are the differences between the mass of an
object and its welght?

Ansg. Difference between mass and welght.

Basls of

Differance aa Weight

Definition [Mass is the Weight of a body is
quantity the force with which
af matter a body Is attracted
contalned In a |towards the centre
body. of the Earth.

Effect on |t value Its value (W = mg)

value remalins changes from one
constant place to another due
irrespective of [to the change In the
[ty locatlon. value of acceleration

due to gravity 'g.
Noture It s @ scalar Itls a vectar quantity.

guantity.
Measuring (It Is measured
Instrument [by a beam
balance.

Itls measured by a
spring balance.

Value Mass of a body |Weight of a body Is_
[s never zero.  |zero at the centre of
the Earth.
Unit Itg unlt Is ﬁ Its unlt Is Newtaon.
—_—
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Q12. There are two kinds of balances, that is, a beam
balance and a spring balance. If both the balances
give the same measure of a given body on the surface
of the Earth, will they give the same measure on the
surface of Moon? Explain your answer.

Ans. The beam balance is a device used for the
determination of mass of a body. The mass of a
body is constant and does not change from place to
place.

Spring balance Is used to measure the welght of an

object. The welght of a body Is not canstant and also

changes from place to place.

On the surface of Moon, the beam balance will show

the same reading as it shows on Earth because

mase IS a unlversal quantity. However. the spring
balance shows a welght which Is one-sixth of the
measure on the surface of the Earth, because the
acceleration due to gravity on the surface of the

Moon is ane-sixth of the acceleration due to gravity

on the surface of the Earth.

Q13. Define pressure and state its Sl unit. Glve two
practical daily life applications that make use of the
concept of pressure.

Ans. The thrust on unit area s called pressure. Its Sl unit
ls N/m? or Pascal (Pa).

Practical dally Ufe applications based on the concept

of pressure are as follows:

(I) A school bap has wide strap made of thick cloth
so that welght of bag fall over a large area
producing less pressure on the shoulder of child.

(il) We use sharp knife to cut oblects compared to
blunt knife because for given amount of force
sharp knife cuts more easlly because of high
pressure.

Q14. (i) Explain buoyancy and buoyant force.

() When an aluminium object is immersed in
water, it displaces 5 kg of water. How much
is the buoyant force acting on the aluminium
object is Newton? (g = 10 m/s?)

Ans. (I) The tendency of a Uquid to exert an upward force

on an oblect placed In It Is called buoyancy.

The upward force exerted by the fluld on an
object Immersed In It Is called buoyant force ar
upthrust.

() Here. mass of water (m) = 5 kg, g » 10 m/s?
According to Archimedes' principle,

buoyant force acting = welght of water displaced
on aluminium object by this aluminium object
Wﬂight of water w m x g 5x10«=560N

.. Buoyant force acting on aluminium object
w50 N,

‘@ Long Answer Type Questions §)

QL () Prove that if the Earth attracts two bodles
placed at the same distance from the centre of
the Earth with equal force, then their masses
will be the same.

(i) Mathematically express the acceleration due to
gravity in terms of mass of the Earth and radius
of the Earth.

(iii) Why is G called a universal constant?

Ans. (i) Let the two bodies have masses m, and m, and
they are placed at the same distance R from the
centre of the Earth.

Let F, and F, be the forces acting on them.

GMm
Then, R = Fl )
GM
and F,= bl A(2)
F?2
Fi=F, (Glven)
GMm] = GMmz
RZ R’
Hence. m, = m,. l.e. thelr masses will be the same.
oM

() Mathematically, g = —
R2

where, g = acceleration due to gravity

G = unlversal gravitational constant

M = mass of the Earth

and R = radlug of the Earth

(I G Is known as the unlversal gravitational
constant because Its value always remalns same
evenywhere in the universe and Is applicable to all
bodies whether they are celestial or terrestrial,

nowledge B&GOSTER

Celestial bodles are the bodles in the space such as
Sun, Moon, planets and Stars. Terrestrial bod/es are the

7\ bodies on Earth such as human beings.

Q2. (I) A person weighs 110.84 N on Moon surface,
whose acceleration due to gravity is 1/6th
of that of Earth. If the value of g on Earth is
9.8 m s-2, calculate the (a) g on the Moon,
(b) mass of person on the moon and (c) weight
of person an the Earth.

(ii) How does the value of g on the Earth is related

to the mass of the Earth and its radius? Derive it.

Sol. (I) (a) Let ¢ be the acceleration due to gravity on
Moan

9.8
g’...., -—g— w —6— w163 m g2

(b) Mass of the person an the Moon

110.84
* e ooke
(c) Welght of the person an the earth
wMmg=G68x98«6664N
() Let mass of the Earth be M and an object faling
freely towards It be m. The distance betwean
centres of Enrth and the object Is R.
From Newtan's law of gravitation.

Fo—mr )
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Also from second law of motlon. force exerted

on object.
F=ma
Since. 0=g (le.acceleration due to gravity)
Feamg -(2)
Equating both eqs. (1) and (2).
GMm GM
We get. mg = w2 org = Y
Q 3. The radius of the Earth at the poles Is 6357 km and
the radius at the equator Is 6378 km. Calculate the ()

percentage change in the weight of a body when it
is taken from the equator to the poles.

Sol Let the acceleration due to gravity at equator be g,
GM I
where. g m—— (i
R
and the acceleration due to gravity at poles be g, Q5. (i)
GM
where. 9 =2
P

(i)

The varlation of acceleration due to gravity,

] (iii)
1
AQ = = aGM | ———
T °[Rs ﬂ?] ™
A Ans. (i)
Percentage varlation In g :qu 100
L
GM, _]2___12'
E’p R:
:-———EET————XIOU
e %
RS
-R?
= ———L x 100 % R?
RIR’
RS -3 (i
:—?K]UD
D
2. 2
=(63?B) E, %100 = 0.7% (lir)

(6357)?

Hence, % varlation In the welght of a body Is 0.7%
which fs equal to the % change In g.

Q4. Two objects of masses m, and m, having the same
size are dropped simultaneously from helghts h,
and h,, respectively. Find out the ratio of time they
would take in reaching the ground. WIll this ratio
ramain the same, if

() One of the objects is hollow and the other one
Is solid.

() Both of them are hollow and size remains the
same In each case? Give reason.

Ans, We know that, h= ut+%gf2

(- u=0)

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Helght af object

or

Let 't; and 't," be the time taken by objects Aand B
to reach the ground.

1
A by = Sgtf

and height of object B.h, = 5]9@

yihy =i
rt:rzm\/};:\ﬂg

Acceleration due to gravity Is Independent of the
mass of falling body. So. the ratio will remaln the
same,

e, bty =y by

If both the bodles are hollow. then also the ratio
will remain the same. le. t; ¢, = JfT]\/fTZ

Enlist two forces which act on a body when it is

immersed in a Uquld. State the condition for a

body to float or sink in a liquid.

Why does an iron nail sink and a plece of wood

floats? Explain how?

Why do you prefer a broad and thick handle of

your suitcase?

The mass of an iron cube having an edge length

1.5 cm s 50 g. Find its density.

The two forces that act on a body when it is

immersed in a lquid are buoyant force and

gravitational force.

The conditions for a bady to float or gink In a

Uquld are as follows:

(8) If the welght of the body Is mare than the
upthrust acting on it, the bady will sink.

W U (slnk)
(b) If the welght of the body Is less than the
upthrust acting on It. the bady will float.

W < U (float)
Iron has more denslty than water so an lron nall
sinks In water. But the density of wood Is less
thon that of woter, therefore, a plece of wood
floots in water.
Since. pressure acting an the bady Is Inversely
proportional to the surface area of contact.

Poc-!-
A

Hence. less pressure will act on the body If
the area of contact Is more. The broad and
thick handle of sultcase has large arca, 5o less
pressure acts on our hand and It becomes very
easy to take It from one place to another.

(Iv) Glven, mass of the cube = 50 g

Side of cube = 1.5 cm

.. Volume of cube = (1.5)3 @ 3.3756 cm?
Mass

Volume

50 |
o —wm 14,8
Rays - oiBa

So. the density of Iron cube I5 14.81 g cm~J,

Denglty «
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Q6.(I) Whydoes a cork released under water come up

to the surface of water?

(i) Why does an army tank rest upon a continuous
chain?

(iii) How does snow shoes stop you from sinking
into snow?

(iv) Why are the railway tracks laid on large sized
concrete sleepers?

(v) Why is it easier to swim in sea water than in
river water?

Ans. (1) The density of cork Is less than that of water,

Le. its welght is less than the buoyant farce
experienced by it under water. So0. when this
cork Is releaged under water, It comes up to the
surface of water.

(i) An army tank is very heavy and applies greater

pressure on the ground. So. to avold sinking in
the ground. a continuous chain Is used so as to

Q7. Differentiate

increase the surface area of the tank, This chain
decreases the pressure appled by the tank on
the ground and it moves easily.

(iii) Snow shoes have large. flat base and hence. there
Is more area of contact. So, there Is less pressure
on the snow and the person does not sinlc.

(lv) Due ta large slze of the concrete sleepers. the
weight of the train spreads over a larger area and
the pressure exerted Is less and the rallway tracks
does not sink Into the ground. Hence. the railway
tracks are lald on large-slzed concrete sleepers.

(v) Sea water has a higher density than river water,
So. it will exert higher buoyant farce than river

water on the same object. Hence. in order to
swim, less amount of water needs to be displaced.
Therefare. It Is easler to swim In sea water.
between thrust
(Give two points)

What do you understand by 1 Pascal and 1 Newton?
How will the pressure change if area of contact is
doubled?

and pressure.

Ans. Difference between thrust and pressure:

Basis of
Bitfarenca Thrust Pressure
Definition | The force acting on an|Thrust per
oblect perpendicular [unit area of
to its surface is called |a surface is
thrust called pressure.
Gl unit The Sl unit of thrust [The Sl unit of
Is Newtan. pressure s
Pascal or N/m?.

1Pascal: Pressure acting on a surface Is ane pascal
If a thrust of one Newton acts perpendicularly upon
an area of 1 m2

1Pa w 1N/1m? w1 N/m?

1Newton: Thrust exerted on a surface Is one newtaon
If It accelerates a body of unit mass by 1 m/s? while
acting perpendicular to it.

If area of contact Is doubled, pressure becomes half
as pressure s inversely propartional to area.

& Chapter Test

Multiple Cholce Questions
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QL

Q2

Q3.

The mass of a ball is four times the mass of another
ball. When these balls are separated by a distance
of 10 ¢cm, the gravitational force between them is
6.67 x 10-7 N. The masses of the two balls are:

a. 10 kg, 40 kg

b. 5 kg 20 kg

c. 20 kg. 30 kg

d. 15 kg, 60 kg
A man weighs 600 N on Earth. What would be his
approximate weight on Moon?

a. 100N b.200N

c.6ON d.600ON
A man first swims In sea water and them in river
water. Compare the weights of sea water and river
water displaced by him.

a. Weight of sea water > Welght of river water

b. Welght of sea water « Welght of river water

c. Welght of sea water < Welght of river water

d. None of the above

Q 4. Consider the following Informatlon in respect of four

objects A, B,Cand D:

Dens Volume Mass
hject (kg,m“a‘; (m3) (ke)
A 2 4000
B 8000 4
C 2000 1000
D 4 2000

Which object would float on water?
a. A b. B c.C d.D

Assertion and Reason Type Questions

Directions (Q, Nos. 5-6): Each of the following questions
consists of two statements, one (s Assertion (A) and the other Is
Reason (R). Select the correct answar to these quastions from the
codes (a), (b), (c) and (d) as givan below:

a. Both Assertion (A) and Reason (R) are true
and Reason (R) Is the correct explanation of
Assertion (A).

b. Bath Assertlon (A) and Reasan (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).
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Q5.

Q6.

Case

c. Assertlon (A) Is true but Reason (R) Is false.
d. Assertion (A) is false but Reasan (R) is true.

Assertion (A): The value of g does not depend upon
mass of the body.

Reason (R): Acceleration due to gravity is a3 constant
quantity.

Assertion (A): The Moon revolves around the Earth
due to gravitational force between Moon and Earth.
Reason (R): Gravitational force between Moon and
Earth is calculated by Newton's law of gravitation.

Study Based Question

Q7.

Ashish is a student of class IX in a Rajasthan
School. This year all the students of class IX were
going to visit Kashmir during the winter holidays
along with some of their teachers.

All the students were asked to pack heavy woollen
clothes with them because winter in Kashmir
is very severe. Ashish had recently studied a
particular chapter in science. Keeping that in mind,
Ashish also purchased a pair of gpecial type of
shoes from the market and packed it along with
his luggage. When the students reached Srinagar,
it was extremely cold. When the students got up
in the morning next day, they were (old that heavy
snowfall is going on in this area since last night
and that there were thick layers of snow all around
their hotel. Most of the students had not seen
snowfall before. So, all the students and teachers
decided to walk and play on fresh falling snow.
Ashish put on his special shoes while wulking
on snow. It was noticed that the feet of all other
students and teachers wearing ordinary shoes were
sinking into soft snow making it very difficult for
them to walk on soft snow. But this was not so
with Ashish. Ashish could wulk casily cven on
soft snow (without hig feet sinking into ir). All
the students were very jealous of Ashish. But the
teachers were all praise for Ashish.

Read the given passage carefully and give the answer
of the following questions:
(i) Define the concept of science involved in the

incldent which took place on soft snow?

(IT) Why do the feet of a student wearing ordinary
shoes sink into soft snow?

(ili) What are the speclal shoes worn by Ashish
called? How do they differ from ordinary shoes?

(iv) Explain why, by wearing speclal shoes, Ashish
could walk easily on soft snow (without his feet
sinking Into soft snow).

Very Short Answer Type Questions

Q8. In what direction, does the buoyant force on an
object Immersed in a liquid act?

Q9. Thrust of 'F N is exerted on an area 2A and thrust
of '3F N is exerted on an area A/2. Find the ratio of
pressure exerted.

Short Answer Type-I Questions

Q 10. If the distance between two masses be increased
by a factor of 6, by what factor would the mass of
one of them to be altered to maintain the same
gravitational force?

Q1L (i) The head of a pin is flat and thick whereas its

tip is fine and thin, Explain why?
(ii) Why do we feel lighter when we swim?
Q12. (i) Weight of an object will be lesser or more at
Antarctica as compared to weight of object at
Delhi. Give reason for your answer.
(ii) Find the weight of Ajay whose mass Is 58 kg.
(g=10 ms-2)

Short Answer Type-II Questions

Q13. (i) What is meant by free fall?

(ii) A boy throws a ball vertically upwards and
catches it back in 10 s. Calculate
(a) the velocity with which it was thrown up.
(b) maximum height attained by the ball.
(Take g = 10 m s72)
Q 14. (i) State the principle on which the working of
lactometers is based.

(il) What Is meant by buoyancy? On what factors
does the magnitude of an buoyant force
experienced by a body in a fluid depend?

Q15. (i) Derive an expression faor acceleratlon for an
object falling freely.

(Il) Glve one example each where the same force
acting on (i) a smaller area exerts a larger
pressure, (i) a larger area exerts a smaller
pressure.

Long Answer Type Questions

Q 16. (i) State universal law of gravitation.
(i) Differentiate between acceleration due to
gravity and universal gravitational constant.
(iii) Why will a sheet of paper fall slowar than one
that Is crumpled into a ball?
Q17. (i) Radius of an iron sphere is 0.21 cm. If density of
Iron Is 7.8 g/cm?, calculate its mass.
(ii) A pressure of 1000 Pa acts on a surface of area
15 cm? by a block of mass 'm". Calculate 'm’ and
the new pressure exerted by the same block if
area of contact with the surface becomes 10 cm?.
©

L
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